investigators who have been dealing for the most part with outbreaks having very limited distribution in time and space. But putting considerations of this kind on one side, there are exhibited, by one and another school of bacteriologists, differences in mental attitude with regard to the question of the relation of germs to the production of outbreaks of disease not a little disturbing to those interested in this subject. Thus there are doubtless many bacteriologists who hold, in accordance with the description of the orthodox position given by Hueppe, " that the pathogenic bacteria are specific entities, that they are the true and sufficient cause of disease, as Pasteur and Koch have affirmed;" 1 and there are not a few who further entertain belief in " unvarying specific character and physiological effect" (loc. cit.). These positions, be it noted, are, of course, far from being those assumed by Hueppe himself, for he writes: " Upon sifting ull the available material I cannot find a fact which is in real harinony with Koch's conception of 'specific disease germs.' 2 In view of the striking divergencies in miiethod of approach exhibited, it is not to be wondered at if difficulty comes to be experienced in reconciling differences which arise. The following instances may be given (1) While, on the one hand, on passing in review the epidemic prevalences of successive epochs, striking evidence of persistency of disease types throughout the historical period is discoverable, differences are again and again detected, on the other hand, in the germs found in association, at one and another time, with individual outbreaks, and there is a tendency to consider that such differences have specific value. Thus, if regard be paid to the claims originally made for the agglutination test, it becomes necessary to assullme a mu-illtitude of special creations, so to speak, of " causal organisml-s" of "m-eat poisoning"one, in fact, it may almost be said, for every German town in which an outbreak which is bacteriologically investigated occurs. Again, recent work on cerebrospinal meningitis seems to show, if regard be paid to all the distinctions drawn between Gram-negative and Gram-variable cocci, and to all the slight differences observed on application of the agglutination or fermentation tests, that mi-any distinct " strains" of organism are operating to produce the disease in different parts of the world; if, indeed, it be not found necessary to lay down the rule-so inany outbreaks, so many meningococci.' The milost striking example of the kind of difficulty here in question is, however, afforded by the case of influenza, for the prevalences of this disease studied in bacteriological times have been sometimes clearly bound up with, and sometimes apparently entirely dissociated from, the supposed " causal organism -the bacillus of Pfeiffer.
(2) A second instance in point is the difficulty presented by the notably profuse distribution of " causal organisms" without corresponding production of disease. For examiiple, in phthisis there is a possible daily discharge of some billions of bacilli fromli a single patient; and yet, in face of this fact, it has to be realized that authorities differ as to the existence of finally conclusive evidence of direct case-to-case infection. It remains to be added that the Bacilllus tuberculosis is widely distributed in milk and in butter, to say nothing of meat, and is therefore, of course, consumed almost daily by everybody. Similarly, in typhoid fever, the " bacillus-carrier" harbours germs for as long a period as fifty-two years2 with, apparently, no evil result, until, on the occurrence of typhoid fever among persons with whom he (or more often she) has been more or less associated, suspicion is aroused, bacteriological inquiry is instituted, and then at length the " carrier " is declared to have become " effective." In diphtheria, typhoid fever, and cholera it becomes necessary to claim an exceedingly wide distribution for the assumed (potential) " causal organisms " among healthy persons; while, to take one more instance, in leprosy also the bacilli are, of course, produced in enormous numbers, though in this case the difficulty of explaining why the disease is not highly infectious from person ' Bochalli (Zeitschr. f. Hyg. 1908, lxi, p. 3) speaks of the agglutiniatioln test as the " keystone" of the diagnostic arch. Ghon, \Iucha and Wiesner (Centralbl. f. Bakt. Leipz., 1908, xlii, No. 19-21, Referate) find the test valueless. In their experience meningococcus sera agglutinate gonococci and gonococcus-sera meningococci. to person is met by assuming that the organisms contained in cells in the skin have lost their infective power.
(3) The germ theory does not, it must be admitted, afford a wholly satisfactory explanation of the close relationship between certain diseases -for example, scarlet fever and diphtheria, or typhus and relapsing fevers; or, again, between different forms of one and the same disease -for example, influenza in its cerebrospinal and in its respiratory or other forms, septicaemic and bubonic plague, malignant pustule and woolsorter's disease; and other instances could, of course, be cited. In a possibly related way the difficulties of symbiosis and metabiosis have as yet failed to find satisfactory solution. Beyond this, there are the facts which are ordinarily explained (for example by Hueppe, loc. cit.) as resulting from " immunity " or from " predisposition." " How comes it," iasks Gottstein (" Allgemeine Epidemiologie," 1897), " that one man who is attacked by the bacillus becomes tuberculous, while another man remains healthy ? Why in cholera epidemics is only so small a proportion of the populations affected attacked by the disease ? Questions of this sort open up difficulties which it is by no means easy to deal with in an altogether satisfactory manner.
At this stage it may be useful to consider how far it can be said that the requirements, laid down by Koch as being those which a " causal organism" must fulfil, have been rigorously adhered to. The four original conditions have been elaborated in the light of later knowledge, and they are set out in the left-hand column below in their most recent form (as given by Ritchie) ; while for purposes of comparison there are placed in juxtaposition (in the right-hand column) certain well-recognized facts which appear deserving of study in relation with these conditions. (a) The *bacterium must be in-This condition is not fulfilled by variably found in the tissues of " causal organisms " in all inan animal dead from or affected stances. When it is not comwith the disease in question.
plied with, it is not unnaturally assumed that a sufficiently prolonged search was not made, or that such search was not carried out at the proper time. If fulfilled, the condition does not, of course, serve to finally decide the question: Causal organism or secondary invader? (b) It must never occur in other diseases or in normal tissues.
(c) The organism transmitted from the diseased or dead animal to an unaffected animal of the same species must produce lesions similar to those present in the a.nimal from which it was derived; and in this second diseased animal the original organism must be found.
(d) If the organism can be cultivated outside the animal body, then an artificial cultivation, inoculated experimentally into an animal, must again produce the disease, and this animal must again contain the organism in its tissues or blood.
The latter, like the former, may, ex hypothesi, be expected, generally speaking, to comply with condition (a). The organisms of cholera, typhoid fever, and diphtheria, and other " causal organisms " are frequently met with in healthy persons. Hence the necessity for recognition of healthy " carrier cases." There is difficulty here in interpreting the words "lesions similar." In the cases of cholera and typhoid fever, for example, are the lesions produced on inoculation of animals to be regarded a § " similar" to those developed in the course of cholera or typhoid fever in man? The organism admittedly causes " disease" in the experimental animal, just as it is admittedly concerned in the production of certain symptoms in man. The question at issue, however, is: Does the similarity of lesions when the whole course of the. diseases is passed in review compel belief in the supposed causal relationship? There is the same difficulty here as that referred to under (c). The tubercle bacillus, for example, produces in experimental animals " lesions similar " to those found in the natural tuberculosis of man and other animals. The question, however, arises: Does' the tubercle bacillus originate t'uberculosis in the animals last named?
Haimier: Consideration of Bacteriological Problems (e) It is an additional link in the chain of evidence when toxins having a specific action can be isolated fromn cultures of the bacteriumn, and when these reproduce in animals the characteristic features of infection with the living organisms.
(V) These processes mllust occur in invarliable succession under identical conditions. It is noteworthy that, even in the case of the eminently susceptible guinea-pig, the tubercle bacillus is said never to originate tuberculosis, as long as the animal is living amid natural surroundings. It is only under the quite peculiar conditions of the laboratory that tuberculosis of guinea-pigs has been observed.'
This condition has been added to Koch's four original conditions. It will be realized, on consideration, that it affords little, if any, help in differentiating between "causal organisms" and "secondary or termiiinal invaders." Thus, despite all the detailed knowledge acquired concerning diphtheria toxin, there is no nearer approach to settlem-nent of the exact relation to the disease, whether as " causal organisn" or "secondary invader," of the Klebs-L6ffler bacillus.
This requiremiient appears to stand or fall with the other conditions. It would seeimi that it has added little, if anything, to the strength of the case as determnined by them.
Dr. lRitchie, after formiiulating the above-nam-led conditions, proceeds bv way of summary: " In human diseases it is, of course, rarely possible to establish the causal relationship between a bacterium and a disease by strictly following these canons." " But," he says, " a practically certain proof is attainable in such cases by establishing canons (a) and (b), by then reproducing the disease in animiials, and satisfying the remaining canons in the experimental inoculations." He adds: " This Se Sidiev Martin, II Appendix to Report of Royal Colminiiission on Tuberculosis," par. 12. Also Gottstein, " Allgem. Epidem., " p. 166. is what has happened in the case of tuberculosis. He is careful to point out, however, that "the more the effects produced in animals differ from those obtaining in nman, the greater care must be exercised in drawing conclusions, and the difficulty of the situation mnav be further increased by the non-specific nature of the lesionis of the original disease (the italics are not in the original article).
The question becomes yet more coimiplicated when account comes to be taken of the recent discoveries of " termninal invaders,' on the one -hand, and " healthy carriers " on the other. Obviouslv imere compliance with canons (a) and (b) does not now afford " practically certain proof"; reliance must of necessity more than ever be placed upon the extent to which " the remaining canons in the experimental inoculations" are satisfied. But here there stands up in bold relief the very formidable question as to the specific or " non-specific nature of the lesions of the original disease." A good exanmple is that given by Dr. Ritchie, viz., " Pneumonia": " In man there is usually a lesion strictly confined to the lung .
. ; from the great majority of cases the pneuiiuococcus can be isolated. When this organism is injected into an anim-lal, such as the rabbit, it will produce, even if inoculation into the lung be practised, not a pneumonia but a general septicmmia." Similar instances are forthcoming in the case of the ordinary pyogenic organismiis, or again in that of species allied to Bacilluts coli. Study of the last-named group of organisims, in particular, has quite recently shed new light on this very obscure field of inquiry.
ON THE POSSIBILITY OF OBTAINING A CLUE To METHODS OF DEALING
WITH THE AFORE-MENTIONEI) DIFFICULTIES.
The idea that iimlportance nmust be attached to " secondary invaders" is by no means new. Already, in 1894, Gottstein (loc. cit.) had suggested that pathogenic germs might be imerely playing the part of " associated organisms " (jeweiligen Begleiter) in established conditions of disease. More recently much has been written on " symubiosis." 0. Liebreich, again, has developed the notion of " Nosoparasitismus," claiming that the pathogenic gerni is " nicht ein Parasit an sich, sondern ein Parasit der Krankheit, ein Nosoparasit. ' According to this view disease, or nosos, is that condition of the cell in which the external agent b is able to accomnplish the cell's destruction; and specific organisms are not able to set up disease processes in the bodv b-y their own unaided activity, but can only do so when they chance to co-operate with other injurious influences impairing bodily resistance. The subjects of " associated organisms " and of " nosoparasitismus " have in the light of recent discoveries come to assume added imnportance.
Thus the modification in point of view necessitated with regard to one of the organisms allied to Bacillus coli-the hog-cholera bacillus (or swine fever bacillus, as it is generally called in this country)-is a striking modern instance which may be first considered in this connexion. This bacillus is now known to be, generally speaking, a normal inhabitant of the pig's intestine which assumes importance in conditions of disease. It was the discovery, in the first place, of the fact that the actual virus of hog-cholera is a " filter-passer " which raised suspicion; the further result was then later elicited that while both the naturally produced disease and that set up by inoculation of infected blood are infectious from animal to animal, the disease induced by inoculation of cultures of the " terminal invader," though it resembles hog-cholera in most respects, is not thus infectious. Hottingerl lays stress upon this lastnamed difference, and urges that the four conditions laid down by Koch as determinatory of the " specificity" of an organism should be enlarged, in the case of diseases such as hog-cholera, by the addition of a requirement that the infectious character be exhibited by the inoculated animals. Or, speaking more generally, he adds: " The condition should be insisted upon that the artificially produced disease must fulfil the requirements of epidemiology." On application of such a condition the hog-cholera bacillus fails to pass muster. Further than this, inquiry has been made in Germany concerning Schweineseuche (or " swine plague," as it is called in England, in contradistinction to " swine fever"), a disease (with lung complications) affecting pigs, often confused with hog-cholera (swine fever), and supposed hitherto to be due to a distinct causal organism. The outbreaks of schweineseuche are, it is now agreed, really outbreaks of hog-cholera in which a second organism, once regarded as " causal," but now believed to be merely a " terminal invader," appears upon the scene and plays its part. It is stated, moreover, that the weakened resistance of the intestinal wall enables yet other common intestinal bacteria to obtain access to the blood and tissues of affected animals (see p. 98).
Sir John M'Fadyean, in discussing the swine fever bacillus in a series of papers, to be later more particularly referred to, says: " Some authors have recently belittled the role of the swine fever bacillus and
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have denied that it is in any degree responsible for the lesions which are characteristic of the disease. Such a view is, however, far fromii being established by ascertained facts, and it appears to be much more probable that the bacillus is m-lainly responsible for the diphtheritic and ulcerative processes which occur with such constancy in the large intestine in cas-s of swine fever." " Then," he adds, " assuming the lesions . . . are secondary in their nature, and caused by an organism which does not constitute the actual cause and contagium of the disease, the question naturally arises, May not this be true for what are regarded as the essential lesions of some other diseases?" He further says: " When anyone, as part of the evidence proving that an organisiml is the cause of a particular contagious disease, clainms that he has successfully employed pure cultures of that organismii to reproduce the disease, he ought to show that the experimentally induced disease, when afforded the opportunity, spreads by contagion like the natural disease." "And," he continues, "when one reflects on the nature of the evidence on which it has been held, and very generally accepted, that particular bacteria are the cause of contagious diseases, it becom-es iianifest that in some cases the proof is no more complete than it was in the case of swine fever. It is, therefore, not improbable that ftuture investigations, conducted on the lines necessary for the detection of an ultra-visible virus, maay bring on certain bacteria, at present accepted as the cause of disease, the discredit which has already fallen on the so-called bacilli of swine fever, swine plague, and canine distemper." It is but natural that, in the light of these observations with regard to the hog-cholera bacillus, attention should now be turned to the part played by a very nearly allied if not identical organism, Bacilluts paatyphus (B), in connexion with disease in man. The position of affairs, so far as this organisimi is concerned, has been thus described by Jirlgens: " Clinical miianifestations cannot be relied upon to delim-it the range of paratyphoid; pathological anatomy cannot fix its boundaries. The etiological factor, embodied in the paratyphus bacillus, alone is capable of combining these varying syimiptom-groups and pathological appearances in one unified conception." Again, Uhlenhuth and Hiibener, in a recent communication on hog-cholera,2 after reviewing the evidence concerning the bacillus of hog-cholera, and dealing with criticislmls raised b1yvon Lourens and others, turn to consider Bacilluts p)a-a typ_)hus (B) .
They point out that healthy persons, who have not ascertainably been I " Ueber typhusiihiliche Erkrankungen," Deiutsch. med. Wochienschr., Jainuary 3, 1907. exposed to paratyphoid infection, present Bacillus paratyph uts (B) in their excretions and blood, and they add that Rimpau has isolated this bacillus from food materials (sausage) known to have been eaten without produicing ill effects. Uhlenhuth and Hiibener thereupon conclude that the discovery of the Bacilluts paratyphus (B) in the stools of patients does not necessarily prove that they are the subjects of paratyphoid, and further that the discovery of the bacillus in food nmaterials, and in connexion with disease set up by eating such materials, does not, witlhout further evidence, demonstrate causal relationship between the bacillus and the disease.
It is interesting to consider, now, how these authorities deal with the typhoid bacillus itself. Jiirgens writes: " Typhoid fever is produced only when, in addition to the exciting organism, certain other etiological factors operate " (loc. cit.) ; and again: " The muore closely we examine the part played by iEberth's bacillus the imore necessary becomes the appeal to co-operating causal influences "; while once more he says: " There are clear indications that typhoid diagnosis has to some extent gone astray on a path which sooner or later will be found impassable, and we shall be coml-pelled to retrace our steps."
Uhlenhuth and Huibener (loc. cit.), after pointing out that not only hog-cholera bacilli, but numbers (" einer ganze Reihe ") of other bacteria, are able to invade the organs and muscles of swine fromll the intestine, in the course of developiment of hog-cholera, go on to say that this is-due to loss of resistance induced by the diseased condition; and they adduce as analogous cases, scarlet fever, yellow fever, and brustseuche of horses. They then ask, Does somiiething of the same kind occur in typhoid fever 2-and they refer to the work of Busse bearing on this question. This last-named writer 1 declares that observations made during the past year, in Posen, place the fact beyond doubt that typhoid bacilli occur in diseases other than typhoid fever. He describes in minute detail four cases in which typhoid bacilli were found in the blood of persons having either tubercular ulcers of the intestine or else presenting evidence of intestinal catarrh, but exhibiting no sign of the presence of typhoid fever. He says: " I take it that the intestinal catarrh or the actual ulcers in the intestinal mucosa facilitate passage of the bacilli from the intestine into the blood." He refers to the fact that his experience is confirmed by a case recorded by von Krehl, and that somewhat siilnlar cases have been described by Jiirgens. These cases show, he says, that proof of the existence of typhoid bacilli in a patient's blood does not necessarily indicate that the patient is the subject of typhoid fever.
On the general question, as to whether when typhoid bacilli obtain access to the circulating blood they produce ill effects and influence the course of an established disease, Busse considers, " We can say nothing "; but one thing, he notes, meay be safely asserted: "When an intestinal disorder occurs in a bacillus-carrier, with result that typhoid bacilli find their wav into the circulation, typhoid fever is not thereupon produced."
" Zuiii Ileotyphus wird eine Darmerkrankung eines Bazillentrigers auch dann noch nicht, wenn die Bazillen in das Blut gelangen, und hier kreisen.") His final summary is: " Even when there are strong reasons for suspecting the presence of typhoid fever, discovery of typhoid bacilli in a patient's blood affords no certain proof of the existence of the disease." Recent investigations have in fact led a number of observers to modify the view at one time generally held concerning typhoid fever. Thus Dr. Dudgeon, in his Horace Dobell lecture, states that " most people are agreed, at the present day, that by the term typhoid fever we understand certain clinical phenomena which are due to infection by various mllicro-organisnms belonging to the typhoid group, and not necessarily to the specific micro-organism the typhoid bacillus." Similarly Major Stathaimi 1 writes: " There are quite a number of allied but distinct species of bacteria, any one of which is capable of originating typhoidal disease; in fact, the etiology of this condition is as complex as its symuptoinatology." Again, Dr. Peabody2 expresses a similar view. Question thereupon arises whether the difficulties of those who mnaintain that the organisim-s are "causal " are lessened by thus widening the circle and admitting " allied but distinct species." Recent work, such as that of Houston and Savage, on application of the latest approved methods to differentiation of Bacilluis typhosus-and bacilli of the Gaertner groupfrom " allied but distinct species," and a paper such as that of Baumann,3 afford somne indication as to the nature of the problems which must be faced if the circle be thus enlarged.
In connexion with study of organisms such as those referred to in the last two or three pages, there has been exhibited, as a rule, unwillingness Journ. Roy. Army Med. Coi.ps, xi, Nc. 4.
Journ. Amer. Med. Assoc., 1908, li, No. 12. to admit the closeness of approximation of pathogenic to allied nonpathogenic forms. Hueppe, on the other hand, representing the minority, insists that individual bacteria adapt themselves to the " milieu," and he says: " The constancy which Koch's method revealed was not one of the permanence of species, but rather one of permanence of varieties due to station." As an extreme instance of the -opposite view, the teaching of a few years ago on the subject of an organism nearly related to the hog-cholera bacillus-Sanarelli's bacillus-may be referred to. The discoveries of the part played by a stegomyia in disseminating yellow fever, and of the fact that the virus itself is a filter-passer, have now quite discredited Sanarelli's bacillus, and it is perhaps worth noting, therefore, that prior to these discoveries being made importance was by many attached to the Bacilluts icteroides and to the supposed characteristic tests held to differentiate it from allied species. The criteria relied upon have, as time has tried them, proved altogether elusive. Hottinger has, indeed, pointed out thatthe differences are ultimately narrowed down to this: Sanarelli's bacillus only occurs in yellow fever. A similar bacillus, occurring elsewhere, was not styled Sanarelli's bacillus, but given, says Hottinger, a Amne corresponding to its habitat (" den zum Habitat passenden Namen ").
In France and Italy more especially there has been again and again -displayed a tendency to question the views held by the majority of bacteriologists and indeed to speculate as to the possibility that Bacillus typhosus may be nothing more than a variant of Bacillus coli. Tarchetti,' four years ago, in the Centralblatt ffir Bakteriologie, 1904, xxxvi, Tarehetti directs attention first to the strange fact, as he terms it, that the virulenice of -the classical Bacillus typhosus is less than that customarily exhibited by Bacillus coli. The former, it is true, can apparently be exalted by "1 passage " through animals, but Tarchetti raises question whether in such experiments opportunity may not be afforded to the normally present Bacillus coli to penetrate into the peritoneal cavity, and even to outgrow the Bacilluts typhosus there, so that, in the final result, it is the virulence of Bacillus coli, and not that of Bacillus typhosus, which has been augmented. Secondly, he says, there is no single characteristic which can be relied upon for differentiating between the two kinds of bacilli. Thirdly, they approximate closely to one another when grown on the ordinary artificial media. Fourthly, when cultivated under unfavourable conditions the agglutinability and rate of growth show a sort of inverse relationship in both instances-the more free the growth the less the agglutinability, and vice versa. Fifthly, the alterations which can be produced in Bacillus coli by " passage " seem to show that from widely separate varieties intermediate forms far less clearly differentiated from one another may be produced. Further, Tarchetti has criticized the results obtained by observers who have attempted to isolate Bacillus typhosus from artificial mixtures of Bacillus typhosus and Bacillus coli. He argues that it must be borne in mind, when special methods designed to repress the growth of one or another variety are adopted, that these methods may have an influence upon the characters exhibited by the varieties which are not suppressed. He thinks that when, by special methods, typhoid bacilli are isolated from the stools of typhoid patients, it may be that the two combined influences-that exerted upon the flora of the intestine by the presence of the diseased condition, plus that Referate, p. 307, pleaded on behalf of this view, and von Benczur (Centralblatt fuir Bakteriologie, 1908, xlviii [originale], p. 276), while affirming that he cannot obtain laboratory evidence confirmatory of Tarchetti's thesis, frankly admits that, under " certain special circumstances within the body," it is quite possible that the transformation may be effected.
That a bacillus may lose its pathogenicity has long been a commonplace ; that it might acquire pathogenicity was, until comparatively recently, to some at any rate, unthinkable. Even Hueppe, when noting that the ability of a bacteriumii to produce disease is variable, writes: "It can diminish; but it can also," he guardedly adds, "under somle cowditions, increase." With ever-accumulating evidence of increase, if not of acquirement, of pathogenicity by " passage," thepoint of view has been materially changed. The work of the English Tuberculosis Commission, in particular, has greatly modified the general attitude with regard to such questions. Quite recently Twort has opened up new ground by showing that the power of fermenting sugars can, under certain conditions of growth, be taken up or cast off by some organisms. In a still later paper2 Reiner Muller (after referring to previous work by M. Neisser on Bacterium coli mutabile) gives account of similar organisms found in the Kiel laboratory by A. Burk and H. Graf; cultivations of these germs on lactose-containing media were found to p)resent daughter colonies (Kndpfe), yielding a differing ferment reaction from that of the original organism. Reiner Muller noted that, in a sinilar way, typhoid bacilli formed kn6pfe when grown on isodulcit, and in some instances these daughter colonies exhibited changed ferment property. This Reiner Mtuller regards as evidence of exerted upon it by the culture medium used-may result in production of a weakened and less. luxuriant variety of Bacillus coli, one possessing, in fact, the negative characteristics of Bacillus typhosus. He believes that Bacillus typhosus under particular conditions, observed clinically, may revert towards the original type of Bacillus coli. He concludes, therefore, that this protean bacillus, which is normally a harmless intestinal parasite, may under appropriate circumstances assume p4thogenicity; and that when it thus invades the tissues it shows loss of virulence (ag exhibited in animal inoculations), less luxuriant growth on culture media, and enfeeblement of certain of the activities ordinarily possessed by it. Tarchetti is, however, convinced that the isolation in a case of typhoid fever of the classical Bacillus typhosus, exhibiting none of the reactions of Bacillus coli, is by no means so common aD event as is generally supposed, and that, when it does occur, the result may be in part due to the influence exer ed by the culture media employed. He says attention has too largely been concentrated upon the attempt to demonstrate the existence, outside the body, of an ideal form of Bacillus typhosus, possessing a number of characteristic differentiating marks, and but little regard has been paid to the really important question, which is: How are we to distinguish active and virulent from inactive and harmless forms of Bacillus coli ?
2 Centralbl. f. Bakt., 1908, Beilage zu Abth. 1, xlii, Referate. occurrence of a "mnutation," to use de Vries's terimi. It is, indeed, remarkable that so much importance has been attached in the past to the fact that, under laboratory conditions, these " mi-utations" are difficult to produce, and that, arguing froin this difficulty, it has so insistently been miaintained that they never occur. Dr. Pavy, in his recent lectures on " Diabetes," has reminded us that " in our laboratory procedures we lack the power of forging the implements that Nature in her building up and breaking down operations works with. When we get hold of and employ these implements-as, for instance, when we operate with 'enzymes '-we can achieve in our laboratory experiments the saml-e that is effected within the living organism." Or again: " Natur-e with her ' enzymiie' mlay be able to provide the requisite adaptability for union, whilst the laboratory worker, unsupplied with the 'enzyme,' miay be unable to do so."
From all these researches the fact clearly emerges that " strains" whiclh are closely related, if not identical froin most points of view, miiay stand widely apart as regards promotion of a particular ferment change. It has been, until quite lately, generally held that specific differences are here in question, but it imust now be realized that consideration of the hypothesis, elaborated by Ehrlich in a somewhat similar connexion, suggests it is possible that the altered behaviour results from-transference of something not essential to the species; it may be of an " activator," or an "aamboceptor," or an " enzyme," which must be looked upon as attached to the bacillus after the miianner, so to speak, of a " side-chain " (to use Ehrlich's termlinology). On such a view of the imlatter the difficulties of Jiirgens, who has to appeal to an "etiological factor embodied in the bacillus," would be nmet. There is, in fact, ready to hand an hypothesis which not only affords a siinple explanation of the otherwise bewildering relationships (quta fermentation processes) of strains of bacteria (e.q., Bacillus coli and various cocci), but which may also be applied to certain difficulties with regard to the phenomena of agglutination, &c.; and which last, but not least, may be extended in the field of disease to elucidation of the gain or loss of pathogenicity. There is thus reached a possible conception of the symptonms making up a disease picture as being due, not to highly specialized " causal organisms," but rather to acquirement on the part of non-pathogenic (it nmay be of well-known ordinary saprophytic) organisms of pathogenicity, by virtue of their becoming linked to an "activator" or "enzyme"; the latter may be looked upon as an attached " side-chain," or it may alternatively be regarded as a parasite of what is now itself, thanks to its ally, a On the hypothesis here outlined, the view now so frequently expressed, that healthy persons are apt to carry about with thein germiis which may prove capable of playing a part in the production of the symptoms of disease, appears to find justification. Dr. L. S. pudgeon, in his recently delivered Horace IDobell Lecture, has discussed the "latent persistence and the reactivation of pathogenic bacteria in the body." He describes cases illustrating " the persistence of cocci in the tissues, for indefinite periods, without giving rise to ill effects, except during intervals of reactivation." Again he says: " The streptococci met with in mnany of our comluon diseases m-lay, as regards cultural and certain other properties, be indistinguishable from the streptococci normally present in the human body." The pneuimiococcus and the gonococcus, he notes, "may reimiain in the tissues for indefinite periods without apparently producing ill effects"; and so also the Klebs-L6ffler bacillus, Bacillus proteuts, Bacillts coli, and Bacilluts typhosus may similarly persist, " without giving rise to any symptomiis, but occasionally acting as the cause of some acute illness.". Dr. Dudgeon believes that "auto-infection " by these various organisms mi-ay be the cause of disease being set up. But the question thereupon arises: Why does the autoinfection occur'? Why, on such an hypothesis, in a milk outbreak of diphtheria, scarlet fever, or typhoid fever, are large numbers of persons simultaneously auto-infected'? Why in a school outbreak of diphtheria is the disease limited to particular departlmients (or even class-rooms), the children in these class-rooms infecting themiiselves, while those in other class-rooms escape, despite the now well-recognized fact that they also mnay be harbouring the Klebs-L6ffler bacillus in their throats ? It seermis necessary to postulate " something," not pre-existent in the child or in the bacilli, which helps to overcome the resistance of the former or to arouse the slumbering energies of the latter in these instances, and that activating " soinething'" nust be ingested with the milk in the fornmer case, and commiiiiunicated to the scholars in some way or other from without in the latter. This tertiuimi quid it seems reasonable to regard as the cause of the disease; the predisposition to attack is not in itself sufficient, while the slumbering germs for their part are m--ere " secondary invaders," capable, when they are activated, of producing some of the symptoms sooner or later to be associated with the disease picture. It may, however, be objected-even granting that there is need for some third thing-How can a ferment play the part indicated? It is interesting to note how greatly opinion has changed on this question during the last half century. Fifty years ago the doctrine of a conztagiunt i?'ViOt was struggling for recognition; now this doctrine holds the field. Yet, as Farr' has )ointed out, zymosis and the verb from which it is (lerived occur in Hippocrates, and Sydenhamii, Morton and Willis " all announced( more or less clearly the zyImotic hypothesis."' Dr. B. W. Richardson dismnissed the claims of the conta giant vivumn, in 1859, in a paper " On the Theory of Zymosis," 2 but within quite recent times the wlhole question has been dealt with anew by Professor Moore, of Liverpool University, in a paper entitled " A Chemical Theory of Certain Infectious Diseases." 3 Dr. Moore argues that exaniination of the "observed facts regarding infection" yields no proof " that the infective agent is necessarily a living cell," and he says " the alternative view may at once be suggested that the infection is carried by a nonliving chemical substance." He then enters upon a detailed inquiry as to the ability of a chemrical substance, an enzyme, to comply with all the observed requirements, and he describes the action, which he says " is spoken of as autocatalysis," an action which " may proceed with infinite slowness uintil a sufficient amount of the product of reaction accumulates to give speed to the reaction, which then, accelerating as it goes, may finish with explosive violence." He adds, further, considerations as to incubation period, resistance of enzymes to heat and chemical disinfectants, and as to relative degrees of infectivity, for which reference must be made to his paper.
It becomes, in fact, necessary, if a line of reasoning such as that which has been outlined be acquiesced in, to take a step forward as regards the conception of disease. Originally diseases were classified according to their symptomatology, as agues, fluxes, sweats, and the like; then came Fourth Annual Report of the Registrar-General (1840-1), 1842, pp. 202-204. Trans. Epidem. Soc., 1863, i, p. 20. 3 Journ. State. Med., 1904, xii, p. 193. pathological anatomy, with its false membrane, giant-cells, and the rest; pathological anatomly in its turn gave way to the germ theory and the bacillus. But it is impossible to regard this as the final goal in all instances. No one is content to do so, for example, in smallpox; everybody looks further than to the pus-cells and the pyogenic organisms for the cause. In other diseases organisms once regarded as causal have now no longer such significance-for example, in the case of malaria, Klebs and Tommasi Crudeli's bacillus; in that of syphilis, Lustgarten's bacillus; in that of cholera, Emmerich's bacillus; in that of yellow fever, Sanarelli's bacillus; in that of hog-cholera, Salmon and Smith's bacillus and the bacillus of schweineseuche and many other organisms all have been relegated to the position of " secondary invaders." It may be urged that, in the light of these considerations, it is necessary-to take stock of the position anew with regard to diseases such as scarlet fever, diphtheria, typhoid fever, cholera, &c.
POSSIBLE RESULTS OF APPLICATION OF THE FOREGOING PRINCIPLES.
From one point of view-that of the investigator who seeks explanation of the facts of epidemiology-there is a great temptation to speculate as to whether ferments may not play an important part in connexion, at any rate, with some of the diseases which have just been mentioned, or, again, as to the possibility of the existence of non-bacterial causal organisms having phases in their life-history passed alternatively in the humian body and in some intermediate host. With regard to such speculations it has been often deemed sufficient to apply the maxim: "As to things which do not appear, the conclusion is the same as to things which do not exist." But to this the rejoinder might, of course, be made that although an organism has not been cultivated on artificial media it may still have an existence, that the epidemiological phenomena demand explanation, and that while the germ theory explains why bacteria occur in a particular association, this bare fact would in itself be accounted for just as well by regarding the bacteria as " secondary " as it is by looking upon them as " causal." It seems, at any rate, therefore worth while critically to examine the position in the case of the chief epidemic diseases.
Diphtheria and Scarlet Fever.-These diseases are taken together because of their well-known epidemiological relationships. Their distribution in time and space, their apparent interchangeability in one and the same outbreak, their relation to season, to rainfall, to milk, and to F-8 school attendance-all these afford strong epidemiological reasons for claiming some common cause or closely related causes. Beyond this, there are the facts noted, in 1886, with regard to diphtheria, by Gresswell,7 and commented upon by several observers since that time, in connexion more particularly with examination of the "return-case" phenomenon. Thus Butler, in a recent paper,2 has given detailed evidence of recurring incidence of throat malady in children occupying the same class-rooms or living in the same houses; while such recurring incidence is not, as a rule, observed in well-regulated isolatian hospital wards. These phenomena in themselves suggest the possibility that some intermediate host-for example, a biting insect-may be concerned in producing the observed effects.
Again, study of recent bacteriological work appears to favour a belief that the difficulties attendant upon acceptance of the Klebs-Loffler bacillus as a mere " secondary invader " are by no means overwhelming, and there is then room for the streptococcus to enact a similar role in scarlet fever. The very fact that a streptococcus theory of scarlet fever -the streptococcus playing the part of "causal oiganism "-has been broached and has by many been rejected may perhaps raise a doubt in soine minds with regard to the precise relation of the Klebs-Loffler bacillus to diphtheria; and, again, it must not be forgotten that no clear proof has hitherto been forthcoming that risk is incurred by susceptible persons who are compelled to associate with healthy carriers of diphtheria bacilli. If, on the other hand, the bacillus be regarded as a secondary invader,' the difficulties (so apparent to the student of work such as that of Graham Smith) experienced in differentiating between the Klebs-Ldffler bacillus and closely related non-pathogenic or feebly patnogenic forins having a wide distribution and very commonly met with in healthy mucous membranes cease to have any serious significance. It is easy to understand how it happens that, provided the soil is once prepared, whether by some unknown specific organism or by a specific " ferment," the widely distributed " secondary invader " finds scope for its development, and the well-known bacteriological phenomena associated with an attack of diphtheria supervene. Under other conditions, the same cause of disease, operating in conjunction for the most part not with the Klebs-Loffler bacillus, but with streptococci or with other bacteria, brings about an outbreak of scarlet fever. On such D -)iphtheria as a Chronic AMalady," by D. Astley Gresswell, Trans. Epid. Soc. Lond., 1885-6, v, p. 57. "'-The Recurrent Infectiousness of Scarlet Fever," by W. Butler, P?'oc. Roy. Soc. MIed., Epid. Sec., 1908-9, p. 59. an hypothesis the well-known tendency to interchangeability of the two diseases may perhaps find explanation; it would apparently be necessary to assume that the nature of the malady set up in an individual becoming the subject of throat affection would be largely determined by the character of the organisms already present in his throat and capable of taking up the role of " secondary invaders."
Finally, it should be observed that "surgical scarlet fever" and " puerperal scarlet fever," perhaps even " milk-borne scarlet fever," fall into line on the theory now propounded. In all these instances, it may be claimed that there results from the disturbances (operation, childbirth, consumption of infected milk) a sequence of events similar to that set up in true scarlet fever; and opportunity is afforded for the " secondary invaders," which commonly operate in scarlet fever (streptococci, &c.), to come into action, just as in true scarlet fever their activity is stimulated or let loose. The fact may be recalled that hog-cholera spreads from case to case; not so the " symptom-complex'" produced in the pig by inoculation of the hog-cholera bacillus. So here, in throat malady, it may now be noted that -surgical scarlet fever, puerperal scarlet fever, and milk-borne scarlet fever, have all been found to exhibit only rarely, if at all, a capacity for spreading from case to case. In these affections, therefore, it may be conjectured that " secondary invaders" alone are at work, the original causal organism of scarlet fever possibly not coming into operation at all in such instances.
Typhoid Fever and Cholera.-These two diseases may be taken together, not, of course, from any suggested association, such as that just discussed in the case of scarlet fever and diphtheria, but because problems of one and the same sort are opened up on consideration of the relation of the two supposed " causal organisms" to the two diseases now in question. In both instances the pathogenic germs are closely allied to very widely distributed non-pathogenic forms; in both instances the question of " healthy carriers " arises; in both there is difficulty in explaining why, if the organisms cause the disease, their distribution in such enormous numbers in discharges does not lead to its wholesale dissemination by the individuals attacked; in both there is conspicuous rarity of the number of instances in which the germs have been found in food materials (water, milk, shell-fish, &c.) known to possess infective property.t The typhoid fever bacillus is already, it is true, detectable The upholder of the "I alternation of generations " hvpothesis will have in mind the possibility that a phase in the life-history -of the causal organisms of both typhoid fever and cholera is passed in molluscs and in fish.
in the blood quite early in the disease (first week); but the "causal organisms" of typhoid fever must have already commenced to grow in the body some ten to fourteen days before this. Inasmuch, however, as the question of the relation of Bacillus typhosus to typhoid fever was discussed at some length at a meeting of the Epidemiological Section of the Roval Society of Medicine in March, 1908; it is unnecessary further to refer to it here.1
Plague.-Here, again, it has been urged that the facts at present known concerning the plague bacillus do not furnish material for a full account of the epidemiology of plague. The question is, of course, mrruch complicated by uncertainty as to the relative importance of the parts played by fleas, and by rats and other animals. Recent bacteriological work (Journal of Hygiente, May, 1908) shows that the Bacillus pestis is exceedingly closely related to common and well-known inhabitants of the bodies of rats, guinea-pigs, &c., and it might conceivably be argued that the difficulties attaching to the acceptance of the Bacillus pestis as a " secondary invader " are in a measure lessened in the light of such knowledge. 0 Tuberculosis.-In this disease (and a similar remark may be made as regards leprosy, commonly considered to be due to a closely allied organism) acceptance of a causal role for the Bacillus tuberculosis (or for the Bacillus lepra) involves difficulties such as the following (1) The absence, on the one hand, of clear evidence of " droplet infection," or of infection from inhalation of dust derived from dried sputum; and, on the other hand, the uncertainty as to the extent to which infection can be attributed to tuberculous milk, butter, and meat.
(2) The time of appearance upon the scene of the organism-its presence is of necessity only demnonstrated, speaking generally, at a time when the breaking down of tissue has commenced. The early events, in commencing pulmnonary phthisis, are deduced from what is known of spreading tuberculous mischief in the lungs or elsewhere. ' In that discussion most of the cases of supposed infection by bacillus-carriers, then reported, were referred to. More recent instances are summarized by Mr. Dudgeon in his Horace Dobell lecture. The remarkable experience of Scheiller (Centralbl. f. Bakt., 1908, xlvi [originale], p. 385, is particularly deserving of note, as this observer incidentally found that of forty healthy persons associated, in one way or another, with an infected milk supply, sevellteen, or upwards of 40 per cent., were bacillus-carriers. Neither this instance, nor the still more recent one related by Huggenburger, nor the others quoted, before or since March, 1908, throw much, if any, light on the question, Are the bacilli of bacillus-carriers capable of conveying itnfection ? Within the last year there have appeared several papers dealing with the occurrence of typhoid bacilli in cholecystitis, and under other conditions, apart from obvious association with typhoid fever. Furthermore, in the phthisis of dusty occupations it has been claimed that the bacillus is a secondary invader.'
(3) The discrepancies in the purely bacteriological evidence-for example, it is well known that emulsions of organs are as a rule far more virulent than cultures containing approximately equal numbers of bacilli (see pp. 8 and 13 of the English Tuberculosis Commission's Second Interim Report, part I, where it is stated, for example, that the smallest fatal dose of culture which led to fatal progressive tuberculosis in the bovine animal was some 20,000,000,b0O bacilli, " while the smallest determined effective dose of emulsion contained only 5,500 bacilli.") Again, appearances closely simulating those of tubercle are produced in animals by inoculation of cultures of " Tim-iothy grass bacilli," "mist bacilli," "butter bacilli " nay, by inoculation of dead bacilli; while, on the other hand, in rats, even though bacilli are abundant, they are " unable to give rise to the tissue changes which constitute tuberculous lesions."
To the above-mentioned difficulties varying degrees of importance will be attached. There are, however, certain further facts which claim closer examination. Thuis there is the wide range, with well-nigh innumerable intermediate forms, exhibited on study of the behaviour of tubercle bacilli as disease-producers. On the one hand, the more or less mairked differences between these intermiediate forms maly be observed on inoculation of the various bacilli (typus humanus or typus bovinus, for example) in guinea-pig, rabbit, bovine animal, pig, dog, cat, rat, ape, and man; and yet it has to be recognized that even so constant a character as equality of virulence, in the rabbit and the bovine animal, sometimes fails, as when the English Tuberculosis Com-mission2 discover one strain, " the only case we have hitherto met with, in which a bacillus shows a marked difference in its virulence towards calves from that towards rabbits." On the other hand, even more Dr. Chas. Creighton (" Contributions to the Physiological Theory of Tuberculosis," 1908) contends that " The principle that only the bacillus of Koch produces true tubercle is a formula . . . which admits of a dozen qualifications." He cites, as instances of like structural changes induced by other agents, certain "1 placental analogies" and the effects of injection of blood-discs and of " tissue fibrinogens," and he says we must "drop all idea of conformity or non-conformity to an absolute structural type as if there were any such due to any bacillus." Again he says: " I maintain that the things common to the various agents are dissolution of the blood, multiple thrombi, miliary and other infarcts, red and white, and, if the process can be followed lODg enough, certain productions of tissue or neoplasm from the matters of reduced blood, amongst which the tubercle plasmodium in the rodents is by no means unique or of a specific character." 2 Loc. cit., p. 30.
subtle differences are to be noted when one and the same type of bacillus operates in one and the same animal-(iman)--producing, say, strumonus cervical glands, lupus, hip disease, and so on. The question naturally arises in this connexion: Why is it that the subjects of enlarged glands, of hip disease,l and of lupus do not develop phthisis with far greater frequency than other persons ? The generally accepted explanations are, either that different " strains" of bacilli are in question, or that the vitality of the particular tissues concerned is lowered-it may be by injury, it mav be in somie other way-while other tissues remain intact.
In either case the conclusion seems unavoidable that the tubercle bacilli found in connexion with hip-joint disease or with lupus do not conlport themselves, in the human body, in the samiie way as do those let with in certain other forms of human tuberculosis. Similarly, while it is agreed that, in the bovine animal and in the rabbit, for examiiple, the bacillus of typus hum-anus reacts differently from the bacillus of typus bovinus, it is stated that "the pathological changes which constitute the disease called tuberculosis can be set up to a certain extent in the bovine tissues by the bacillus of Group II " (i.e., by the bacillus of typus humanus); and, further, that " the changes brought about by the bacillus of Group II and by the bacillus of Group I are, at the outset of their respective actions, one and the samiie (English Tuberculosis Commirnission's Report, p. 29).
Then, again, there are the close resemiiblances exhibited between butter bacilli, grass bacilli and innumerable other acid-fast bacilli (and possibly even non-acid-fast bacilli, for in young cultures of the tubercle bacillus itself the acid-fast property is not exhibited) and tubercle bacilli. Indeed, apart froni consideration of the " habitat" fromn which the specimen is derived, it appears to be admitted that it is impossible to draw the line between the tubercle bacillus and allied formiis. The difficulty which has been felt in the case of diphtheria and allied diphtheroid organisms, in the case of cholera and allied vibrios, and in that of Bacillus typhzosus and its near associates, is now seen once miiore to be conspicuous in the case of tubercle. So far as cultural characters are concerned, there are all gradations, fromn a non-pathogenic acid-fast bacillus to the most active speciniien of typus bovinus. Between the pathogenic formus, as Dr. Eastwood says, "the series is an unbroken one, the difference in growth between any two specimens, adjoining each other in the series, being almost aim imlperceptible one." In fact, one passes, as the I See Bowlby, Brit. Med. Jour/L., 1908, i, p. 1465. at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from
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Comnmissioners observe, "without any marked breach, from the least to the most luxuriant, from the most to the least dysgonic.1
On reaching this point it is necessary to revert to the hypothesis that a bacillus may acquire pathogenicity in virtue of its becoming attached to a ferment or " enzyme." It has been suggested elsewhere that the difficulty of accounting for a large number of closely allied forms of meat-poisoning bacilli may be met, if it be assumed that one or more species of bacilli act in association, at one time and another, with a limited number of " enzymnes." Some such hypothesis might be deemed applicable in the case of tuberculosis also. Indeed, the work of the English Tuberculosis Commission suggests that the change from strain to strain actually occurs. The Commissioners say (loc. cit., p. 29): " Bacteriological experience furnishes us with many examples of a pathogenic organism being lowered or raised in virulence and at the same time modified in its other characters by being cultivated in the living tissues of this or that animal-that is to say, being 'passed' through the body of this or that animal." In such cases they say " the organismt remains 'one and the samie,' but it is changed in virulence and often in other characters." They then describe three " passage experiments" in which increase of virulence was brought about, and they observe: " We may safely assume that, in the three experiments in question, certain special conditions were present, and these special conditions determined that, during the passage, the initial eugonic bacillus of low virulence was in some way or other replaced by the final dysgonic bacillus of high virulence."
As a possible explanation of this replacemiient the suggestion, of course, might be adduced that, in the transformation, one or more " enzymes " have disappeared or have been added, or that there has been actual replacement of " enzyme " by " enzyme." It might be urged on such a view of the matter that the tubercle bacillus was not necessarily a pathogenic organism; that the thing of chief import was the " enzyme " (or " enzymes " if there are more than one), which attaches itself to and multiplies with the bacillus and renders it virulent. On such an hypothesis the " enzyme," or the agent which introduces the " enzyme " into the body, is the cause of tuberculosis; the widely distributed saprophyte, I If further evidence of this statement be required, reference may be made to a paper on "The Susceptibility of Tubercle Bacilli to Modification," by Mohler and Washburn, Twentythird Annual Report of the Bureau of Animal Industry. These observers write: "In fact, there seems to be a point where the two types meet, and this strengthens the supposition that whatever differences there may be between them are mainly due to differences in environment during the course of their development." ill.
the tubercle bacillus, becomes then niierely a " secondary invader," and it is endowed with pathogenicity by virtue of the attachment of the " enzyme '' to it.
An explanation of this sort would enable account to be given of the differing behaviour of the bacillus in one and another tissue; its assumption, for example, of lupus-producing characters in the skin, and of joint-disease-producing, characters in synovial membranes, and so on. These differing behaviours would then have, as correlated phenomena, the association with one and another bacillus of one and another " enzyme," that is to say, attachment of something which goes with the bacillus; whereas, on the rival hypothesis, that it is the varying natures of the tissues which are alone responsible for differences of behaviour observed, there is a logical necessity for assuming that the bacillus must remain essentially always one and the same; and, as has been seen, this view is hard to reconcile with observed facts. Furthermore, hypothetical, or, indeed, fanciful, as such an explanation may at first sight seem, it is perhaps deserving of consideration, if only for the reason that it would solve outright some of the chief difficulties as regards spread of infection. The observations concerning the correlation-.of phthisis with overcrowding in barrack rooms, common lodginghouses, and the rest, those of Dr. Ransome with regard to " tubercular infective areas " 1 and the house-incidence studies of Dr. Hermann Biggs and others, have all been held to suggest that phthisis, if not an infectious, is at least a " sub-infectious" disease. Yet it is recognized that there is an excessive incidence of phthisis in the prison, in the convent cell, and in the case of caged animals; and in these instances direct caseto-case infection can hardly play a large part. On turning, on the other hand, to.sickness returns of the staffs of consumption hospitals and to the statistics of double incidence of disease upon husband and wife, the results are certainly not of a strikingly positive character. This fact is, indeed, fully borne out by Pope and Pearson's latest contribution to the subject of " marital tuberculosis." Furthermore, it has been recently stated by Dr. Mott that while phthisis is exceedingly rife in lunatic asylums among the patients, it is a comparatively rare occurrence for an attendant to be attacked.
If it were assumed that the bacillus is only secondary in appearance, and that the origin of pulmonary tuberculosis is to be sought in an infection which clings to houses and localities, but is not directly I Trans. Epidewn. Soc. Lond., N.S., vi, p. 124.
at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from transmitted fromii human being to human being,' some seeming difficulties would be smoothed away. At least it would be possible to explain the differences between the apparent infectiousness manifested in the dirtv, gloomy, and overcrowded tenement, or in the dark and neglected cell, and the apparent absence of infectiousness in the well-regulated ward of the consumption hospital or lunatic asylum, or between man and wife. It is manifest that on a direct droplet or dust-transmission hypothesis there must be, in the last-named cases, such exceptional opportunity for spread of disease that the figures might have been expected to give the most unmistakable indications. The absence of such clear evidence is, to soine minds, conclusive on this point.
Finally, if the bacillus were only secondary in appearance, the varying incidence of tuberculosis in aninals might becomiie more easy of explanation. The extreme susceptibility of some of the common laboratoivy aniimials, despite the rarity of occurrence of tuberculosis (naturally acquired) in theimi, might appear less mysterious. But, beyond this, in the case of the bovine animal, as also, indeed, in man, it was sought, at one time, to evade difficulties by laying stress upon the predisposition of individuals. Now, however, Sir John M'Fadyean 2 has stated that experiments in which cattle have been infected with measured quantities of tubercle bacilli have not detected " a single animal possessing powers of resistance iunch above or much below the average for animals of the samiie size and weight." So that in the case of bovines there "are absolutely no facts which compel one to admit that the incidence of the disease . . . is determined by varying degrees of resistance or of susceptibility on the part of different breeds or fainilies." The " variation in the incidence of the disease " Sir John M'Fadyean attributes to "dissimilarity of environment"; but the explanation of observed variations in such incidence, in the case of animals as in that of inan, might possibly be greatly facilitated if the bacillus ultimaltely camne to be regarded as a secondary invader.
Anthrax. In this disease the circumylstances are quite unique, but they cannot here be fully discussed. It may, however, be noted in passing that the difficulties in separating pathogenic from allied nonpathogenic forms are not perhaps so conspicuous as in previous cases (diphtheria, cholera, tuberculosis). Moreover, the part played by the bacillus in producing disease is a more defined one. It may well be, of 'Here again the advocate of an " alternation of generations " hypothesis will find room for belief in all intermediate host, arthropod, inlsect or other. 2Proc. Roy. Soc. Med., 1909, ii (Discussion on. " Hereditv and Disease "), pp. 83, 84. course, that the anthrax bacillus stands on an entirely different footing from other bacteria. It will not, however, escape notice that concerning anthrax among the horses of Siberia, the goats of Asia Minor, or the cattle of China, practically nothing is known. The epidemiology of the disease, as exhibited in its endemic areas, has yet to be written; it has only been studied as it occurs sporadically far away from the lands of its origin; and even in this country, for some obscure reason, anthrax prevails at one time in an " external," and under other conditions in an " internal," form. It may be that biting flies play an important part in disseminating anthrax, and the role of the anthrax bacillus mnay prove, when it comes to be studied on the American prairie or the Asiatic steppe, to be actually that of a " secondary invader."
In the preceding discussion epidemiological difficulties have in the milain been referred to, and it has been suggested that, to escape from them, it may perhaps be found necessary to postulate the existence of ferments capable of attaching themselves to bacteria and of endowing their hosts with pathogenic property. It is, it may however be noted, a matter of no little interest to find that, from a laboratory standpoint also, it is now declared to be necessary to review the beliefs generally entertained with regard to the relation of bacteria to disease. In a series of articles on " The Ultravisible Viruses," contributed to the ,Joatrnal of Comparative Pathology and Therapeutics, by Sir John M'Fadyean (March, June, and September, 1908), the facts are concisely summarized. The virus of dise.ase after disease has during the last decade been demionstrated to be capable of passing a porcelain filter. To Iwanowski, says Sir John M'Fadyean, really belongs the credit of providing (in 1892) the first experimental evidence, in connexion with his study of the mosaic or spotted disease of the tobacco plant. The fact that the juice of diseased plants retains its infective power, after it has been filtered, was rediscovered by Beijerinck some ten years ago, and this observer adduced evidence, to be later again referred to, in favour of the belief that the virus must be, not in a corpuscular, but in a "dissolved or fluid state."
In 1898 foot-and-mouth disease; in 1900 African horse sickness; in 1901 fowl plague; in 1902 yellow fever, cattle plague, sheep-pox and epithelioma contagiosum of birds; in 1903 hog-cholera and rabies; in 1905 cowpox, equine pernicious anumia, and canine distemper; and still more recently the blue-tongue of sheep and leucocythaemia of fowls have, apparently, been added to the list of diseases caused by a virus which is filtrable. The group, as Sir John M'Fadyean says, is a remarkably heterogenous one, and the viruses mnust vary considerably in size, judging by the results obtained with porcelain filters of differing degrees of efficiency.' Each of the viruses has hitherto resisted all attempts at cultivation on artificial media, and some of them exhibit extraordinary powers of resistance to heat and to certain chemical substances.
There is thus, as it were, a combination of forces: the bacteriologist who demands, with Jiirgens, " an etiological factor embodied in the bacillus"; the student of epidemics, who asks for recognition of the fact that " something," possessing most of the attributes of a ferment, must co-operate with germs before they can be expected to exhibit pathogenicity; and the laboratory worker, who propounds a doctrine of an ultravisible virus, are presumably looking, if not for one and the same thing, for things that have very close relationship one with another. It is especially interesting here to recall the hypothesis of Beijerinck concerning the virus of the tobacco plant disease. " Reasoning from the fact," says Sir John M'Fadyean, " that the virus was able to multiply only when it was combined with the living protoplasm of the plant-host (loc. cit., pp. 64 and 65), he concluded that it must exist in a dissolved or fluid state. ..." He argued that a corpuscular contagium " should build up visible masses of growth, or alter the appearance of the medium when cultivated, like the ordinary bacteria. . . ." Finally he showed that the virus was able to penetrate, presumably by diffusion, to a certain depth into nutrient materials, and this he held to be proof that the contagium was a fluid or watersoluble one. Sir John M'Fadyean notes that "a similar power of diffusion has been claimed for the virus of rabies." If Beijerinck's speculations become accepted facts, " ferment" and "ultravisible virus" may, in the case of the tobacco plant disease, have ' It does not, of course, follow that because a virus is filtrable it is therefore invisible; the organisms of the pleuro-pneumonia of cattle (5 ,u to -'A ,u in diameter) and, according to Lipschiitz (Centratbl. f. Bakt. 1908, xlviii [originale], p. 77), those of taubenpocke (epithelioma contagiosum of birds) and of molluscum contagiosum of man are instances to the contrary. Lipschiitz takes exception to the terms invisible, submicroscopic and ultramicroscopic, used by Roux and Remlinger, the observers who have so largely contributed to the new knowledge concerning filtrable viruses. Halberstiadter and v. Prowazek lay stress upon the fact that the filtrable organisms sometimes occur in cell-inclusions (Einschliisse), and they group the germs of taubenpocke and molluscum contagiosum with those of vaccinia, scarlet fever, rabies, trachoma, and fowl plague under the name chlamydozoa (chlamys = a husk'. Lipschiitz objects to this term, as he says the organisms may occur independently of Einschlisse. He therefore prefers the designation strongylosomen or strongyloplasmen (strongylus = round), observing that the spherical form is characteristic of organisms capable of passing through the pores, of filters; to be regarded as interchangeable terms. It does not necessarily follow, however, that this will hold good in all instances. It may well happen, for example, that the ultravisible (or, at any rate, unknown) virus, originally concerned in production of a disease, has yoked with it a ferment, which ferment on becoming detached is apt to be taken up by the " associated organisms " of the disease. The ferment may thus be the missing link between the original virus and the secondary invaders, and on this view of the matter the difficulty in understanding how, for example, the bacteria of swine fever or swine plague stand in such close relationship with particular "syrnptom-complexes" may perhaps find explanation.
Alike by study of the behaviour of epidemics and by research in the laboratory the question is seen to be pressing for attention-What is the reason why a particular " associated organism," which is not, to use Sir John M'Fadyeann's expression, the " actual cause and contagiuin" of a disease, in so many instances presents itself in connexion with the disease ? The ferment hypothesis affords a means of escape from this difficulty.
In considering the question of association of organisms with ferments, attachable to and separable from them, it is of some interest to note, in passing, the suggestion that something of a like kind occurs also in the case of the digestive processes of the alimentary canal. Physiological theory takes account, in the first instance, of some half dozen ferments, though it does not altogether omit mention of micro-organisms. The former are supposed to do the work; the latter are for the most part ignored. In disease, on the other hand, the micro-organisms are carefully classed into species held to be causal each of a particular malady; these organisms are ferment-carriers in many instances, just as are those of the alimentary canal, but the ferment-carrying property, in the case of pathogenic germs, is regarded as being useful mainly for enabling the laboratory worker to differentiate between any particular species and nearly allied parasites. May it not be that, in the theory of digestive processes, the importance of the micro-organisms and, in disease, that of the ferments has been underrated ? Again, just as in the case of the various digestive secretions, so in that of the processes of absorption of foodstuffs from the alimentary canal, there may be important lessons to be learnt having application to epidemiological problems. Dr. Pavy, in his recent lectures on "Diabetes," 'has explained how sugar may be transported " in a locked-up state, from the intestinal seat of food absorption and from that of glycogen storage, to where it is required for service"; and, further, how the pancreas "supplies amboceptors " which effect " the attachment of the sugar molecule to the bioplasmic molectile." Such attachment, indeed, suggests that it may be necessary to take account, in theories of disease processes, of " amboceptors" which attach to bacteria the complements endowing the bacteria with pathogenicity.
From study of the relation of organisms to fermentation processes it becomes at least clear that great care is necessary as regards the employment of ferment reactions for formulating criteria used for defining species of bacteria. The idea that any and every cultural peculiarity affords a sufficient means of distinguishing between one species and another is no longer entertained. A bacillus can, it seems to be agreed, be trained to take up certain functions which it is not at the time perforrning; the task can be accomplished perhaps as easily or, indeed,; far more easily than that of teaching a boy, say, to swim or ride a bicycle. The boy who learns these arts does not ipso facto cease to be a boy, and the dysgonic bacillus which becomes eugonic is not of necessity converted into a new species of organism. Dean Swift's giants were of a comparatively manageable size, but if it be sought to construct, in imagination, a Brobdingnagian creature having similar proportion to a man that a man has to a bacillus, it becomes necessary, in thought, to magnify a man some 500,000 times (linear dimensions). Such a giant, were he to examine the world with a powerful lens, might be expected to find upon it many " colonies " of inhabitants. He would, it may be assumed, only see with great difficulty objects smaller than a man; thus very many animals would be " ultravisible," and for simplicity's sake men alone may be regarded as coming within his ken. Let him be supposed now to remove, on an immense platinum loop, from the surface of the world (a surface which would, of course, appear to him comparable in extent with an area such as we recognize as being occupied by the walls, floor, and ceiling of an ordinary living room) human specimens from one or other locality, and to examine them under a huge microscrope. A sample from some field of battle might yield armed men-" pathogenic organisms"; a second sample, from the street of a great city, would supply men on horses, cars, &c., moving comparatively rapidly across the microscopic field; if an ordinary labourer were by chance picked up, he would probably bear his shovel and pickaxe, or a smith might carry his haimimer. The ultra-Brobdingnagian inquirer, critically examining his specimiiens, might regard the possession of rifle, pickaxe, shovel, or hammer as constituting a well-defined specific character. If the hammer were mislaid, or the shovel and pickaxe abandoned, the inquirer would note the presence of an " involution form"; if the rifle disappeared there would be loss of " pathogenicity," only to be restored by "passage " of the organism through a suitable animal body-i.e., through an arsenal containing magazines of rifles.
To make the parallel closer it must, however, of course be assuniled that the giant is able to grow his types on appropriate nutrient media, and that, as the men multiply, the machines do so also; further, it must be imagined that the attachment of the men to the machines they manipulate is not directly determined, but that it is deduced fromll the efftcts produiced by the gnachines, and that these effects, studied after obtaining " pure cultures," are used to differentiate the specific types one fromii another. These assumptions are necessary because, in the case of the bacteria and enzymes, the abilitv of the two associates to multiply pari passu and of bacteria to lose and acquire enzymes under certain circumstances are now well-ascertained facts. Under these newl1 imposed conditions the ultra-Brobdingnagian inquirer wovold be placed at a considerable disadvantage, and, indeed, be likelv to experience grave difficulty in realizing precisely what he was dealing with. Let it be supposed now that he is asked to believe a number of his carefullv differentiated firing, digging, and halmimiering formiis are all men (one species) using various sorts of luachines. Possibly this allegory mar help to explain how it is that so much difficulty is experienced at the present timie in accounting for the facts of epidemiology.
DISCUSSION.
The PRESIDENT (Dr. Newsholme) said no one could complain of want of lucidity in Dr. Hamer's setting out the subject, though it was not likely that the whole presentment could be appreciated without reading the paper in its entirety. He doubted whether any other member could have presented in such an able way so embarrassingly large a collection of facts and inferences. The paper was full of bacteriological detail, derived from bacteriology in its earliest infancy as well as in its more robust youth. The present might be described as an evening out." Released from their administrative duties, they were at liberty to undertake an adventurous journey, conducted by an aeroplanist, who had conducted them over pinnacles and precipices, and brought them back triumphantly to mother earth. Metaphorically, they were gasping for breath after the wondrous journey. Dr. Hamer had brought out the defects of bacteriology in the past, and his statements would act as a valuable tonic to bacteriologists. The paper was essentially speculative, and speculation was a valuable means for the advancement of science when and if it was conjoined with or followed by investigation. The routine administrative duties of those members who held l)ublic health appointments consisted, however, in a large measure, in the application of epidemiological and endemiological evidence of the present day, not of speculations as to what might or might not be revealed hereafter. Happily, to-night they were not tied down by administrative considerations, compelling them to make the best possible use of present knowledge, but were speculators and epidemiologists; and, led by such an able thinker as Dr. Harner, he hoped those speculations would lead to further investigations, and whether those investigations confirmed or refuted Dr. Hamer's ideas, administration would thereby be based on more complete knowledge.
Dr. M. H. GORDON said he had listened to the paper with great interest, because it embodied the views of one whose distinguished position as an administrator entitled them to grave consideration, and while he could not for a moment accept those views, he, nevertheless, could appreciate the courage and skill with which Dr. Hamer had advanced them. Dr. Hamer's main thesis was this. As an epidemiologist-that is to say, as one accustomed to take his stand upon the widest possible base, as one accustomed to view epidemic disease, not so much in its relation to individuals as in its relation to groups and communities-he was unable to accept our present knowledge of the relation of bacteria to disease as sufficient to account for the facts of epidemiology. He took it that Dr. Hamer admitted the established data of bacteriology-for instance, that in epidemics of plague, cholera, typhoid, diphtheria, anthrax, &c., the specialized micro-organisms so well known in relation to these diseases were constantly found present. He also admitted (presumably) the pathogenicity of these bacteria for laboratory animals. His chief difficulty arose when he considered these infecting organisms from the epidemic standpoint; and he had special difficulties with regard to the inception of the epidemic diseases in point amongst others. Now it is absolutely necessary to bear in mind that, from our present knowledge of the subject, an epidemic disease, such as one or another of those he had mentioned, is not so much an entity as a restltant; it is the result, in fact, of an interaction between two opposite forces -the infecting agent and its host-and, therefore, before they could hope to get to the bottom of this matter they must first consider each of these factors separately. Both of them in the diseases in point, being living organisms, are liable to be influenced by their environment, and were subject, therefore, to some variation, the precise degree of which has by no means yet been adequately determined. Now, he considered it as a very grave omission on the part of Dr. Hamer that he had neglected to take due account of what, from the present imperfect state of our knowledge, would seem to be one of the greatest factors in the inception of a case of an infectious disease of the types mentioned. The factor to which he referred was not the germ, though that, of course, was indispensable. It was not, he submitted, the vague hypothetical enzyme that, in Dr. Hamer's view, debauched the microbe, so to speak, and endowed it with homicidal capacity-but it was susceptibility. In other words, the variation of chief import with regard to the spread of an infectious disease, especially of those widely distributed in our midst, is not variation of the microbe so much as variation of its host. He would ask this Society to recall for a moment the enormous importance in regard to epidemic disease of one or another kind of age-susceptibility, of malnutrition, and of fatigue. Of much importance, also, is the physical condition of the environment, especially in regard to temperature and humidity, factors that may be more related to the phenomenon of the seasonal incidence of disease than is yet realized. The influence of polluted atmosphere in relation to disease is also a matter of high importance.
The subject of the purity of air is practically, at the present time, ignored administratively, yet it is probably of greater importance, 'from the point of view of the public health, than purity of food or of water. He hoped he had said enough to remind them of the complexity of the subject, of the wide issues involved, and of the danger of endeavouring to make bacteriology explain more than can reasonably be demanded of it. Coming now to Dr. Hamer's bacteriological difficulties: His first was with regard to the variation shown in the matter of agglutination by bacteria, associated with outbreaks of meat-poisoning. He (Dr. Gordon) would point out that the agglutinins were only one of the factors whereby the blood resists infection, and that their exact differential value had still to be determined. The class of micro-organisms to which he referred was particularly susceptible to agglutination, and while all members of it respond to " group agglutinins," it is only in the higher dilutions that the difference obtains between them. The exact significance of this minor quantitative difference has still to be decided in case of the group of bacteria in point, and we must wait for further evidence. Personally, he saw no difficulty in accepting them as responsible for the outbreaks in question, even if they did differ as regards agglutination, and for that reason were regarded as different bacteria. His second difficulty related to the cocci found associated with epidemic cerebro-spinal meningitis. Now, on this subject, Dr. Gordon could speak from experience, as he had investigated these cocci at some length. He could assure them that there was no difficulty. The micro-organism found again and again in outbreaks of this disease is identical, and is always Gram negative. Those who have found Gram-positive or Grarn-variable cocci have either been dealing with contaminationas, which are particularly difficult to exclude in this case, or with meningitis cases of other than the epidemic type, or have failed to make control experiments to ensure correct staining. The pneumococcus, streptococcus, and other bacteria, of course, may produce meningitis. He must also deny that the sugar tests had proved disappointing for the purpose of differentiating these and other cocci. They had, in his own experience, proved of the very greatest value for this purpose, and others, also, had found them so. No doubt some confusion had arisen from impure sugars having been used occasionally. In the matter of influenza-Dr. Hamer's third difficulty-was not it time that we recognized that influenza is only a term? At least four different infections are included under this name, and the careful work of Dr. Allen, recently l)ublished, has done much to improve our knowledge of the bacteriology and treatment of catarrhal conditions of the upper respiratory passages, called by somie colds, and by Qthers influenza. The four bacteria that have been found most frequently are Pfeiffer's bacillus, .7Micrococcus catarrhahus, Bacilluts coryz-se(qtenldosius, and Friedlander's bacillus. His fourth difficulty namely, that causal organisms are widely distributed without production of disease-was, in Dr. Gordon's opinion, overstated. Dr. Hamer had lost sight of the rapid death of most pathogenic bacteria outside the body under the influence of sunlight, desiccation, and other conditions unfavourable to them. As regards tubercle, he must say that lhe hiad searched for this organism in over twenty sainples of street dust from various, parts of London by injecting that material into guinea-pigs subcutaneously and intraperitoneally. The result was uniformly negative. He considered, therefore, that Dr. Hamer lhad overstated this point. He must refer to another of Dr. Hamer's difficultiesviz., that whereas in man the pneumococcus produces pneumiionia, this organism in the laboratory animal produces septicuemia. Recent observations of early cases of the disease in man have shown that before there are any physical signs of pneumonia in the lung, the pneumococcus can be recovered from the blood of the patient. This difficulty, therefore, does not exist in fact. With regard to Koch's postulates, they represented a useful standard to aim at, and when introduced were the result of conceptions of what was desirable rather thain the product of extended experience of what was actually practicable. These conditions have proved too rigid in the case of several diseases, and for the reason that these diseases are not communicable to laboratory animals in the same sense that they obtain -in man. For instance, one cannot hope to produce the rash and characteristic desquamation of scarlet fever in laboratory animals, because they do not take this disease.
Dr. LEDINGHAM said that if the paper had the effect of promoting a closer co-operation between the epidemiologist and the bacteriologist than had hitherto existed in this country it would have done a great service. But after reading the paper he thought the author had greatly overstated his case; had, in fact, drawn conclusions from insufficient premisses. His reference to bacteriological papers in a non-critical way was probably due to his lack of working knowledge of bacteriological methods. It would be admitted that the Bacillus typhosuls was unable to produce the clinical picture of typhoid fever on animals in thelaboratory, but there was a large mass of evidence connecting that bacillus with the disease; in 90 per cent. of the cases it was obtained from the blood, and in 70 per cent. from the feeces. Evidence was also derived from the immunity reactions in the blood-serum. Dr. Hamer said the bacillus ought to be present before the first week of the disease. That.might be so, and if Dr. Hamer would send him a case in the incubation period he would gladly investigateit. The author referred to a paper by Tarchetti on the probability that the Bacilluls coli might change in the intestine into the Bacillus typhosuts. Tarchetti had no experimental evidence to support that, and the Dark Ages were long past when they could not distinguish between the Bacilluts typ)hosits and the Bacillus coli. Mutation might possibly occur, but it was probably only temporary, and there was a strong tendency for the micro-organism to revert to its original properties. The Bacillus typhosuts was remarkably constant in its fermentative reactions. He believed Dr. Hamer had characterized the idea of typhoid-carriers as being a fashionable theory. He (Dr. Ledingham) thought it would be as futile to overestimate the importance of that question as to under-estimate it, as Dr. Hamer did. It was necessary to wait for some years until a large mass of facts had been accumulated. In Germany, America, and in this country, numerous instances demonstrating the importance of the carrier in typhoid endemics had been recorded, and the mnass of evidence was constantly being added to. He thought it would be found that even the large epidemics of typhoid-waterborne and milk-borne-might be due primarily to the infection of those supplies by typhoid-carriers. With regard to the presence of bacilli in the blood of cases which were suffering from diseases other than typhoid fever, Dr. Hamer referred to Busse's paper, where he stated lhe found the Bacilluts typhosuts in the blood of certain tuberculous patients. There was no history in those cases of a previous attack of typhoid fever, and the Widal reaction was negative. When a bacteriologist met with such a disconcerting fact he was not down-hearted; he set to work to investigate further. Possibly those cases might have been mixed infections, or possibly they *might have been typhoid-carriers, even in the absence of a definite typhoid history. He feared he did not understand the enzyme theory, but he thought it was premature to postulate such a theory at present; they must wait for facts in greater quantity. As the theory of immunity advanced, many of the difficulties raised by Dr. Hamer might find solution.
Dr. E. W. GOODALL said that after reading the paper he did not understand Dr. Hamer's position. Was he a believer in the germ-theory at all? Or was this an insidious attack upon it? It would have been better if he had boldly stated what his position was. The first difficulty the author had was to reconcile the persistence of the disease types with the variety of micro-organisms found in association with the different types, and he instanced cerebro-spinal meningitis, pneumonia, influenza, and so on. Dr. Gordon had touched on the point, but had not sufficiently emphasized it. There was really no difficulty in it. More than one germ caused the same lesion, sucll as inflammation, and the symptoms would depend on the part affected. Cerebro-spinal meningitis might arise from the meningococcus in one case, and from the pneumococcus in another, and it was the accident of locality in the body which caused particular symptoms. If he were to write a book on medicine and treat of diseases due to micro-organisms, he would not describe the diseases pneumonia and cerebrospinal meningitis, but the diseases due to the meningococcus and to the pneumococcus, which would at one time give *rise to meningitis, at another to inflammation of the lungs, and at another to peritonitis. There were diseases known to be due to certain inorganic poisons, such as lead, which might cause different lesions-such as neuritis, or arterial degenerations, or renal changesyet there was no difficulty in accepting the view that lead was the cause in each, even though the same lesions might be produced by other poisons. He could not help feeling that in that paper Dr. Hamer had set up difficulties that he might have the pleasure of knocking them down again. He did not understand the author's enzyme theory. WlVheie did the enzyme come from? He lhoped Dr. Hamer would explain. Was it in th-e micro-organism, or in the bodoi tissue attached, or diffused throuigh Nature ? If it was something which was picked up l)y the micro-organism and conveyed to the body to be attacked, the whole question of epidemic diseases would be much more difficult to understand.
Dr. BAINBRIDGE said he understood the theory which Dr. Hamer had put forward was due to the difficulty he found in accepting the causal relation of organisms to disease, and therefore any criticism of his paper must be directed largely to those difficulties. One difficulty concerned the paratyphoid bacillus, and Dr. Hamer quoted a paper in which it was stated that healthy persons inight have that bacillus in their stools, and that it had been isolated from food which lhad been eaten without causing ill effects. He thought Dr. Hamer had been misled by the German writers, whose position was a curious one, for they stated in the same paper that the Bacilluis paraityphoid and the Bacillu.s . JOr)tti/cke were indistinguishable from each other. But they went on to give cases of food-poisoning in whichi they found what they called paratyphoid (B) bacillus. If the two were indistinguishable, it was difficult to see why different names slhould be given. He had found that the two bacilli could readily be distinguished ly the absorption method, but that method was very little used in Germany. He did not know of any definite instance in which the paratyphoid (B) bacillus had been associated with acute symptoms such as those of foodpoisoning, and there was no reliable evidence in the writings of German authors that such was the case. Until the organisms concerned had been differentiated by the absorption method it was premature to assert that the paratyphoid (B) bacillus could occur in food and be eaten without causing ill effects. At present there was no evidence to controvert the clinical entity of paratyphoid fever; and the clinical and bacteriological evidence on the subject went hand in hand. Dr. Hamer's difficulty in that respect, therefore, was not a real one. Dr. BUTLER welcomed the paper as an offset to a tendency to get too crystallized in ideas, and thus fail to keep abreast of recent knowledge. A disease was a symptom-complex, and that appeared to nave been Dr. Hamer's idea. The history of medicine showed that often what had been regarded as one disease was shown to be many, in accordance with its sequel of symptoms. The advent of bacteriology had caused a considerable shaking up of ideas. It was said that influenza was not a disease, because it was not the product of a specific infection, but a complex of a variety of infections. Must diseases be classified as infective by their contextual symptoms, or according to the F-9X specific infection ? Or were they to go further and, as Dr. Hamer suggested, classify them according to the products of infection? The speculation was interesting, and the results might be useful. Both the human body and the organism were subject to much variation, and that fact accounted for many of the difficulties. Dr. Hamer seemed to be in pursuit of something which was more constant than the organisms, and in that he thought members would be prepared to follow him.
Mr. KENNETH GOADBY said Dr. Hamer had already quoted Hueppe, and he seemed to adopt that writer's point of view and to refer to specific bacteriology in the same terms as the schoolman of the Middle Ages referred to disease generally; but Dr. Hamer adopted the specific view in regard to enzymes, so that if the god of the specific bacteriologist were the god of evil, this was also true of the specific enzymologist. He (the speaker) failed to understand the application of a hypothetical enzyme, particularly when one considered that toxins, endo-and exo-cellular, were associated with bacterial action. Recent work on enzymes led to the idea that an enzyme was a body which owed its action not so much to the setting up of any specific action as being a catalyser or " lubricant" of such action when it had been already set up. And the enzyme itself combined with the substratum in which it was found, it obeyed the laws of mass action, its action gradually diminished according to fairly well-known mathematical laws, it was directly influenced by the quantity of end-product in the substratum, and in many instances underwent changes, gradually becoming inert. If one presupposed that an enzyme must get into the body or be attached to the bacillus, or be obtained from the body in conjunction with the bacillus, there nmust be a large supply of enzyme present in all the reactions which produced the (lisease, and there was no experimental evidence forthcoming to warrant such a supposition. Various toxins had been obtained from bacteria, or extracted from the bacterial body in various ways, but these toxins did not seem to be able to go on producing themselves, or to go on producing such profound ultimate change in the substratum to the same extent that we should expect if it were an enzyme capable of acting in conjunction with the bacillus. He had been glad to hear the remark about fermentation in sugar. The point was familiar to him that the given fermentations of any organism depended largely on the quality of the material used for the test, and MacConkey had shown that the reactions of the lactose fermenters were especially constant when pure sugars and proper length of time were made use of in the observations. It was notorious that chemists said it was impossible to procure certain sugars pure, and yet some of those sugars were still used and the results published as a method of differentiating bacteria. He thought Dr. Hamer had been inclined to glean in odd bacteriological corners, and to use material which happened to fit in with his scheme. He should rather have taken, those facts upon which bacteriologists agreed, or at any rate referred to their existence. He carefully avoided the problems on which bacteriologists held a strong position, and he glossed over many important experiments in relation to epidemic disease, as, for instance, the experiments which had been done in connexion with plague infection, especially those where monkeys protected from the bacillus-carrying fleas in native dwellings survived although the animals not so protected developed plague; the fleas caught on the "tangle foot " aroundl the surviving animals being shown to be full of virulent plague bacilli.
Dr. BULSTRODE thought that Dr. Hamer's paper must be regarded as a very valuable contribution relative to the present phase of bacteriology, and it was clear that there was need for reconsideration of the standards set ul) by Koch and extended by otber bacteriologists. It was obviously impossible in the case of certain bacteria to comply with the standards in question, and, as Dr. Hamer had shown, the discovery of "carrier" cases had still further modified the original position. The author had also shown that much recent work was pointing to the conclusion that current views as to the stability of micro-organisms might have to be very materially modified, and it was not altogether unthinkable that pathogenicity might be merely a phase in the lifehistory of certain micro-organisms. In other words, it seemed probable that in the near future some theory other than that which was now accepted might be necessary to explain all the facts. Within recent years certain diseases thought to have been due to a vegetable micro-organism had now been definitely associated with the protozoa, and there was at the present time a growing suspicion that the history of enteric fever was not in complete accord with the view that the disease was caused solely by the organism with which its presenee was commonly associated-a conclusion which would appear to receive some support from the different standards which have from time to time been put forward as necessary for establishing the presence of Bacitlu8 coli. Obviously most of these changes were the inevitable result of the increase of knowledge, as one of the most important points brought out by Dr. Hamer's paper was as to how far this increase of knowledge is connected with a maintenance of the original bacteriological position. Probably Dr. Hamer's theory in substitution of current beliefs might not receive acceptance very readily; indeed, Dr. Bulstrode suspected that it might have been put forward rather with the object of raising discussion than a desire for its acceptance. If this had been the case Dr. Hamer must have been miuch gratified, seeing that his paper had produced a debate which had brought into prominence several very important issues, as it would seem that a large number of Dr. Hamer's criticisms had been just accepted by the bacteriologists themselves, some of whom were apparently asking whether in certain particulars a modified attitude would not have to be adopted.
Lieut.-Col. DAVIES desired to support Dr. Hamer's position. He believed in the specificity of bacteria, but he did not believe that specificity to be unchangeable, otherwise one could not be a believer in evolution. He believed pathogenic power could be involved as well as evolved. He had not heard any speaker refer to the progressively infective nature of certain epidemics. If there was progressive infectivity, as in diphtheria, there might equally be a retrogression or progressive involution, as apparently occurred in cholera epidemics. Therefore there must be some change, not in the intimate nature, but in the physiological properties of the organism. It was the same organismll, but it lost some of its properties or added others to them. Much harm had been done, he thought, by applying to organisms of a lowly type, such as bacteria, the definite Linnwan nomenclature applicable to higher forms of life, everyone would allow that there were varieties of coli and of typhosus bacilli. There should not be too much dogmatism with regard to the absolute properties of, those organisms. And individual susceptibility bad also much to do witi the effect produced. Dr. Savage had pointed out that with reference to typhoidcarriers dosage had much to do with the pathogenic power of the bacilli. They had to inake their way through the stomach, and many would not survive the passage, as a healthily acting mucous membrane with copious acid secretion would destroy them, probably in the same way that cholera sIpirilla were destroyed. Epidemiologically, therefore, the healthy condition of the stomachs of the population attacked might be of as great importance in determining the severity of an outbreak as the pathogenic power of the particular organism attacking. There could, indeed, be little doubt but that both these factors were variable. The pathogenic power of the specific organism might vary in the same way that indol forination, or some particular kind of sugar fermentation, varied, sometimes increased, sometimes delayed, sometimes i-nconveniently absent. Morphological characters to determine species" of bacteria are absent; physiological, oi cultivation, characters apparently are not constant; therefore specificity is not absolutely immutable in bacteria any more thani in the higher forms of life.
Dr. MEREDITH RICHARDS desired to offer a few words as an administrator. Whilst listening to Dr. Hamer he lhad been reminded of the dictum of Occam that one should never assume causes which were more numerous or more onerous than were necessary to account for the phenomena. He failed to understand what Dr. Hamer's ferment really was. If it was like trypsine or pepsine then that enzyme or ferment had to be present in quantities proportional to the effect produced. If so, where did that ferment come from ? If it was the product of a living cell what was the cell? Was it of the animal suffering from the disease, or was it the bacillus ? With regard to fermentation of sugar by yeast it was possible to say it was caused by the enzyme excreted by the yeast plant, but he did not think that was a better explanation from the brewer's point of view. A siml)ler and equally scientific one was to say that the fermentation of the stugarwas due to the activity of the yeast p)lant. With regard to the interchangeability of scarlet fever and diphtheria, something was known about diphtheria occurring in scarlet fever convalescents and vice versa, but he did not think that was the same as saying the two were interchangeable, and the more one worked at the subject the more distinct the two diseases seemed to be. Again, it had been suggested that the Klebs-Loffler bacillus should be regarded as secondary. That was unimportant; whether primary or secondary was immaterial if it were the fact that bacillus was always present and that epidemics did not occur-in its absence. With regard to Dr. Hameir's giant simile, if that-giant fou'nd that he always got diarrhbea, increase of temperatuire and an enlarged spleen whenever he ate one of the human beings who carried rifles, he would rightly assume that the rifle-carrying human being was the cause of his typhoid, and it would not matter whether that rifle-carrying bacillus was or was not related to other human beings who had not rifles, the point being that the rifle-carrying human beings were the cause of those three symptoms and to be carefully avoided by those who wished to remain free frollm (lisease.
Dr. ARKWRIGHT desired to refer to one point in connexion with carriers wlhich had not been mentioned. This was particularly important in the case of cerebro-spinal meningitis. The meningococcus was so very sensitive to external conditions, such as dryness and cold, that it had been difficult to understand how it could pass from one patient to another, especially as the patients themselves were not, apparently, very infectious, and it was comparatively rare for several cases to occur in the same house. Recent published work had shown that carriers of the meningococcus were found quite frequently during epidemics. In this way the carrier had come as a help to the bacteriologist instead of to confound him, as Dr. Ilamer thought. The greatest number of carriers had been found in the early stages and at the height of the epidemic in Silesia, and at the end of the epidemic the number of carriers was only one-fifth or one-sixth of that found at an early period. Dr. HAMER, in reply, said he was glad to avail himself of the President's suggestion. Dr. Gordon had made a remark about " debauching the microbe."
He understood Dr. Gordon to suggest in this connexion that he (Dr. Hamer) }ad not devoted sufficient attention, among other things, to the question of the susceptibility of the individual attacked. The difficulty be had in mind was this: Consider the cases of, say, a number of children in Southwark and a number of children in Lewisham, of similar social class and living under similar con(litions. He believed it was admitted that examination of both groups of children would yield approximately the same percentage of positive results ql/ Klebs-Loffler bacilli. Yet in Southwark there might shortly afterwards be an epidemic of diphtheria spreading in a school, while in Lewisham there was nothing of the kind. Again, in Southwark, on distribution of an infected milk supply, there followed an outbreak of diphtheria, while the Lewisham children, in the absence of such supply, remained exempt. He (Dr. Hamer) considered that these phenomena miglht be explained by assuming that something had "debauched " the Southwark microbes under those two sets of circumstances. An alternative view would, of course, be that in Southwark, on each occasion prior to the outbreak, special "debauched" bacilli, unlike those previously encountered in the children's throats, were newly introduced and caused the mischief. Dr. Gordon said influenza was a mere term, and that " the studies of various observers had shown that different organisms were concerned in various epidemics." According to the general view, if Pfeiffer's bacillus were lpresent, it was influenza; if not, it was not influenza. The point which troubled him (Dr. Hamer) was whether distinction could be drawn, epidemiologically, between successive l)revalences of the "various epidemics," caused, say, by Pfeiffer's bacillus, Alicrococcuts ca ta rrhatis, Baciffitus corJyzar seymentosius, or the bacillus of Friedliinder. If he could be told where to draw the line, after 1890, or after 1891-2-3-4, or 1895, or when, he would be better able to appreciate the position with regard to these supposed causal organisms. From an epidemiological standpoint regard must be paid to the dictum of Hirschl that " few among the acute infective diseases have imianifested in their prevalence, at all times and in all places, the stamp of uniformity so strongly in the aqgqreyctute of symuptonts as influenza." Epidemiologically considered, it was monstrous to suppose such uniformity could be the outcome of mere chance manifestations of entirely disconnected activities, by first one and then another of a series of unrelated and quite " different organisms." Dr. Gordon said the exact value of the agglutination test was not known, and that up to a certain point one might expect " all organisms would be agglutinated by all sera." It would be interesting to learn how much importance Dr. Gordon attached to the test, upon which Dr. Bainbridge relied, for differentiating between Bacilluts puratyphuts (B) and Bacillus 4ertr-ycke. As Dr. Gordon held that " it was known that the idea of specificity was not altogether borne out with regard to the agglutinins to the degree ascribed to it," it might, perhaps, be presumed that he would side with Uhlenlhuth and Hiibener rather than with Dr. Bainbridge in this miiatter. They were left in doubt as to how f'ar Dr. Gordon was disposed to rely upon evidence as to pathogenicity, for he had admitted that we " must not expect too much from laboratory animals." In dealing with fermentation tests, however, Dr. G-ordon seemed to consider he was on solid ground, provided always the purity of the sugars used could be relied upon. This, alas ! it appeared, was, as things stood, an unattainable ideal. The observations on street dust were interesting, but it was always understood, the world being wvide and the existence of natural disinfecting agencies admitted, that it was possible to obtain material, even to the amount of 500 grm., from which the tubercle bacillus could not be isolated. Dr. Gordon had remarked that the " relative proportion of bacillus-carriers to those free from the organislmi had not yet been adequately determined, and pending this too much stress should not be laid on carriers." This appeared to him (Dr. Hamer) a weighty observation, and there was, moreover, a practical point with regard to this relative proportion. In Germany, as they were aware, recourse was made to severe measures (' zu drakonischen Massregeln "), and experience showed that even a carrier will turn. It was naively recorded,' apropos of a proposal to isolate a carrier for a period of a year, "Man wiirde ihn ungliicklich machen." It had been suggested, indeed, that the police must be caled in to deal with recalcitrant carriers. Account was given (loc. cit., p. 553) of tbxee. cases in which the heroic measure of extirpating the carrier's gallbladder had been practised, but it seemed that in the two instances in which the patients operated upon were followed up, it had been ascertained that the bacillus-carrying propensity still persisted. As long as the carriers were in a -.i . Jtahrb., xix, iv. minority, they could be made to submit, but should it chance that the carriers outnumbered the sound, the consequences might be awful to contemplate. The question would arise, " Quis custodiet-custodes ipsos ?" It was a matter of no little interest, therefore, to find (loc. cit., p. 521) that in cerebro-spinal -meningitis the carriers did far outnumber the actual cases exhibiting symptoms. The sick person, they were told, was a mere incidental product-" ein Zufallsproduct, das Opfer einer ihm eigenthiimlichen Disposition "; he was of comparatively little importance so far as spreading the disease was concerned (p. 525). Bochalli found forty-two carriers for every recognized case of illness. Kirchner, taking the more modest estimate of twenty carriers to a case, had computed that it would have cost the State some 8,640,000 marks had the attempt b)een made to deal effectively with carriers in Prussia in the year 1908, and, as a matter of fact, the outbreak would presumably have subsided, whether or no. The observation that the disease was spread entirely by healthy carriers, the sick people being practically harmless (" die Verbreitung der Krankheit allein durch Bacillentrdiger stattfinde, wthrend die Kranken so gut wie ungefthrlich seien" (p. 474), might at first sight appear disconcerting to the believer in the causal rcle of the meningococcus; but it had been explained (loc. cit., 1). 521) that the occurrence of cases in an epidemic, apparently entirely unconnected with one another, ma(le it clear that healthy carriers must be very numerous, and that it was therefore gratifying to find that bacteriological investigations fully bore out this theoretical prediction. It was admitted, however, that with bacillus-carriers every-where it was mere folly (loc. cit., p. 527) to thiink of isolating particular cairriers brought under notice in the course of hacteriological investigation. All that could he done was to give carriers printed instructions, setting out, in large type, the precautionary measures to l)e adopted; to hope this advice would be supplemented fromn the pioper (juarters by word of m-iouth acdmonitions; and, further, that the daily Press would take the matter up (loc. cit., ). 552). Park, in America, seemed practically to have reached a similar conclusion so far as typhoid-carriers were concerned. America, moreover, was a free country, and there, it seemed, carriers declined to have their gall-btadders extirpated.
Dr. Ledingham admitted that the Bacillus tyjplhostis was unable to produce the clinical p)icture of typhoid fever in laboratory animals, but he said there was a large mass of evidence connecting the bacillus with the disease. Of course, he (Dr. Hamer) did not deny this connexion; the point to be determined was whether the bacillus was the causal organism of typhoid fever, or was merely associated with the disease as a secondary invader. In the case of small-pox, no one was likely to have the hardilhood to deny association of pyogenic organisms with the pustules, buit it was none the less generally agreed that these organisms were not the cause of smnall-pox; indeed, it wtas recognized that they did not appear upon the scene until the first week of the disease.
Dr. Ledinghanm agreed (in the case of typh-oid fever) that the bacillus was not demonstrable until the disease was similarly fully established, but lhe undertook to search for the Bacilluts t!jphosUts in the early stages of typhoid fever provided Dr. Hamer would supply him with a case in the incubation p)eriod. He thus evinced a desire to throw upon Dr. Hamer the burden of supplying proof that the Bacillus typhosus was there from the beginning. This onus probandi must, however, rest with the bacteriologist. Pending further inquiry with regard to the matter, two facts claimed their attention. First, that although blood examinations had now been made in a considerable number of instances in Germany, America, England, and elsewhere, in only one instance had it been reported that a person not then recognized as having typhoid fever, but whose blood yielded a positive result, subsequently developed the disease.1 Secondly, while instances had been reported in wlhich the Bacillh.s typIio.N.s had been casually encountered-for example, in water (as by Beck an(d Ohlmiiller in 1904)-it had not been found under those circumstances to be causing inconvenience to the consumers of the water: and, furthermore, bacilli had been again and again found in the blood and excretions of patients who were not suffering from typhoid fever. In these last-named instances the presence of the bacillus was held to imply previous attack (say, at any time up to fifty years ago) by the disease. In fact, it would seem, if the usual method of dealing with these matters were recognized as being satisfactory, that the position, so far as the typlhoid bacillus was concerned, was unassailable. If, for example, material from a case of lpossible typhoid fever in the incubation stage were submitted for examination, and the bacillus were found and the case turned out to be one of typhoid fever, the bacillus won; if it were not found, and the case proved to be one of typhoid fever, the bacillus won as before, for experience went to show that the bacillus was not as a rule found until the disease was established ; if the bacillus were not found and the case turned out not to be one of typhoid fever, the bacillus was once more justified; while if finally the bacillus were found and the case turned out not to be one of typhoid fever, thlen, of course, the patient was a healthy carrier, and thus the bacillus was once again triumphant. In no event, according to the rules under which the game had thus to be played, was it possible for the bacillus to be discomfited. Dr. Ledingham admitted that mutations might occur, but said there was a "tendency to revert to the original properties." He would not, however, admit difficulty in distinguishing between Bacillhs typthosits and allied forms. Baumann's paper, which had been referred to in this connexion, rather confirmed Dr. Ledingham in this opinion. And yet it was now agreed that in addition to Schotmiilleir's bacilli there were other paratyp)hoid bacilli (Zupnik two years ago referred to five, and others had been since described). He (Dr. Hamer) was indebted to Dr. Theodore Thomson for a reference to a paperi giving account of a bacillus intermediate between Bctcilluts paraty,phosts A of Brion and Kayser and the Bacillus typhosuls. And any one of these bacilli might occur in typhoid fever, together with the typhoid bacillus, constituting a mixed infection," and such admixture of bacilli might 'Conradi: Deuztsch. med. Wochenschr., 1907 , xxxiii, p. 1684 Comptes rendus Soc. de I3iol., Par., 1908 Par., , lxiv, p. 1093 at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from lEpiden1iological Section 131 be obser'ved not merely in individual cases, but might be conspicuously exhibited in particular outbreaks of typhoid fever. None of the speakers had commented upon the view held by Dudgeon, Statham and Peabody, and referred to by him (Dr. Hamer). If typhoid fever might be caused by " quite a number of allied but distinct species of bacteria," and if, as was agreed, mutations might occur, why should there be unwillingness to admit that difficulties with regard to identification might arise? Suppose, for example, a bacteriologist were asked to examine material from a case of typhoid fever, due to an organism which was not the Bacillucs typhosuts, though closely allied thereto, and one, moreover, whichl chanced to have undergone mutation and was thus temnporarily exhibiting the characters of Bacilluts tyiphosuts itself. In this case, at any rate, until such tiiiie as the organism " reverted to its original properties," there might be room for misapprehension. In the same sort of way, when Dr. Bainbridge used the method he had referred to, for distinguishing between Bacillus paratyphuts (B) and the Aertrycke bacillus, there was the possibility that some insignificant mutation might spoil results. In the one case, as in the other, it would, of course, be claimed that the points at issue could only be appreciated by bacteriologists. But having regard to the differing views held by specialists, there was no doubt that some there' to-night, who were not bacteriologists, would like to be present in spirit when those gentlemlien tried to settle these problems amiiong themselves.
Mr. Goadby hinted that his (Dr. Hamer's) notions concerning enzymes were mediaeval. He could only reply that he had assumed that here, at any rate, he was up to date, having regard to the recently expressed views of the Professor of Biochemistry at Liverpool. Mr. Goadby, unlike Dr. Gordon, attached little, if any, imiportance to the fermentation test indeed, he had remarked that it was " notorious that chemists said it was impossible to procure certain sugars pure, and yet those sugars were used and the results published." It seemed hard that after allowing himself this licence Mr. Goadby should proceed to observe that he (Dr. Hamer) ought to have limited his criticisms to points upon which bacteriologists were agreed. As a matter of fact he was on the look out for such points, but really after what had fallen from the various speakers he was in despair.
Dr. Arkwright noted with satisfaction the fact that carriers were frequently met with during outbreaks of cerebro-spinal meningitis, and claimed that after all the carrier caine to console and not to confound the bacteriologist. In Silesia, he said, the number of carriers was highest at the lheight of the epidemic. It might, of course, be argued that this would be the case even on the assumption that the meningococcus was a secondary invader. Dr. Arkwright added that at the endl of the epidemic the number of carriers declined. Various explanations of this fact might be adduced. But, on the other hand, Kirchner' found that when a cholera epidemic was declining the primary bacillus-carriers increased in numbers; and Conradi thought that, in typhoid fever epidemics, 'IKin. Jahrb., xvi. the appearan6e of carriers indicated loss of virulence of the organism; On this hypothesis it might, perhaps, be argued that thie larger the number of carriers the better.
Dr. Goodall and Dr. Meredith Richaids botlh complainied that he mnade the facts of disease difficult to uiiderstand. But whatever mistakes he had coinmitted he had at least a clean slate in that regard. Those gentlemen should address their complailnt to Nature. He (Dr. Hamer) was glad to have provoke(d this discussion. As one of the Secretaries of the Section he had from timlle to time endeavoured to induce some of those who had spoken to contribute papers, and, thotuglh not successful hitherto in this, lhe had at any rate been instrumiiental in bringing tlhenm this evening to participate in this discussioll, and for the profit derived from their observations he cordially thanked them.
